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This type of problem arises in many practical settings. Two of the nest common of these are in warehouse or plant location, where there is a charge associated with opening the facility, and transportation problems, where there are fixed charges for transporting any goods between supply points and demand points.
If all the fixed charges k were zero, then problem (1) would be a linear programming problem. If some or all of the fixed charges are positive, the objective function z is concave [11] and it is well known that a concave function, defined over a convex polyhedron, takes on its minimum at an extreme point. The methods we present for the solution of (1), therefore, will examine only extreme poiat solutions.
The fixed charge problem can be written as a mixad-integei linear program [10, p. 253] . However, most mixed integer programming algorithms are not computationally efficient for large problems. This is true also for exact algorithms developed specifically to solve the fixed charge prellen. For example, Steinberg's branch and bound algorithm [15] requires as much as 47 minutes on an IBM 360/50 to solve a 15x30 problem.
Gray's decomposition approach [8] requir 33 an average of 16 minutes to solve a 5x7 fixed charge transportation problem and as much aa 22 minutes to solve a 30-site warehouse loca 1 ion problem on the Burroughs i>-">r>00 [9]. Murty [13] has developed an exact algorithm which solve-; ! witli all k.=0 to bcmn.l :ht: tot il cc> ant! then searches r.y-i- The algorithm consists of two sequential phases.
Phase 1
The first phase is identical to the standard simplex procedure except that the rule for selecting the column to enter the basis is modified. I a ±J I 120 1 < c < 20
The average density of A is 50 percent.
The optimal solutions to these problems were obtained by complete enumera- The SWIFT algorithms were tested on the 22 problems for which Steinberg got suboptimal solutions using his algorithms. All three of the algorithms obtained optimal solutions to the 22 problems. In 16 of the 22 cases, optimality was attained by the end of phase 1. n.a. = not available.
•ramem Table 2 . using his exact algorithm. SWIFT-2 was applied to these same problems. Table 3 contains a comparison of Gray's computation times with those achieved by SWIFT-2. The IBM 360/65 has an add-time which is three times faster than that of the Burroughs B-5500. Even correcting for this, the SWIFT algorithm is from 2 to 835 times faster than the Gray algorithm.
It failed to get the optimal solution to two problems, but in these two cases its solution was greater than the minimum cost solution by only .8 percent and 1.8 percent. identical to problem 1 with 20 added to each fixed charge.
Identical to problem 1 with 50 added to each fixed charge. c Identical to problem 9 with 250 added to each fixed charge. We state and prove two theorems which together show that problem (6), which is a fixed-charge problem, is equivalent to problem (4).
THEOREM 1
In an optimal solution to (6), at most one A will be positive for each j. 
